The current paper relates the state of art of the construction of viaducts with movable 14 scaffolding system (MSS). Two different procedures are introduced: the traditional sequence 15 and the new sequence applied to some viaducts in Spain. The traditional sequence consists in a 16 first casting phase that is formed by the bottom flange and webs and a second casting phase that 17 is formed by the top flange of the deck. Once the first and second casting phases are completed, 18 the total prestressing force is introduced. The new sequence consists in a first casting phase of 19 self-supporting core that is formed by the bottom flange, webs and only a portion of the top 20 flange, and a second casting phase that is formed by the central zone of the top flange. As soon 21 as the self-supporting core is completed, a partial prestressing force is introduced so that the 22 scaffolding can advance to the next span. Both sequences are described with their constructive 23 peculiarities and issues. 24 25
Introduction
Manuscript Click here to download Manuscript: text revised ASCE.doc 6) In the case of curved bridges, the deck must be inscribed within the scaffolding girders 112 and the deck must be divided in segments that define the required shape. 113
The launching process between phases consists in the following steps: 114 1) Unlocking the hanger system from the back hanger (in case of scaffolding under the 115 deck) and removing the scaffolding. 116
2) Transverse unlocking of the formwork and opening the scaffolding. 117
3) Ripping the longitudinal girders (in case of scaffolding under the deck). From the point of view of modern requirements of Health and Safety at work (Council, 1989) , 125 (Council, 1992) , movable scaffolding system is a manufactured and industrial auxiliary 126 structure so it allows the use of collective security measures. Operational risks are lower than 127 with other constructive methods. The scaffolding requires a specific project in which basis for 128
It has been noticed that the possible evolution of the traditional procedure of viaduct 140 construction with movable scaffolding system (MSS) goes in the direction of building partial 141 self-supporting cores to advance the formwork and complete then the cross section with simpler 142 and outside critical path aids. 143 144
Movable scaffolding system: traditional sequence
In order to highlight the differences between the traditional process and the new transverse 145 construction process, a description of the traditional method is carried out. Some disadvantages 146 of this traditional sequence are described. 147
The usual span length that has been achieved by the MSS method is in the range of 40-60 m. 148
The traditional sequence consists in the execution of the bottom flange and webs of the cross 149 section in a first casting phase (Fig. 4a) , subsequently executing the top flange (Fig. 4b) . Then, 150 once the necessary concrete strength for prestressing is achieved, the tendons are stressed and 151 the falsework advances to the next span. This sequence generally requires two weeks per span, 152 although this period can be reduced by reducing curing times and carrying out the reinforcement 153 and splicing activities at night. The casting joint between spans is placed at a distance equal to 154 0.2 L from the piles, where L is the length of each span, so that the bending moments at the joint 155 between longitudinal phases are as low as possible. 156
The traditional method has the disadvantage that it primarily takes two weeks per span to be 157 performed. If a reduction to one week is desired in execution time, it will involve a lot of critical 158 path activities and increased costs because of the night shifts. 159
The use of the traditional sequence for two weeks per span does not involve any night activity 160 or weekend activities, so a third shift is not necessary. This procedure does not have advantages 161 in terms of execution time and the first casting phase should be done in the second week. On the 162 other hand, if one week per span is considered, all activities are critical. 163
The traditional sequence for one span per week ( Figure 5 ) consists of several phases. If the first 164 span is considered, the phases are:1) t=0 days: the scaffolding supports the weight of the formworks and fresh concrete of the 166 first casting phase. 167
2) t=2 days: The concrete of the first casting phase has hardened and the fresh concrete of 168 the top flange is placed. Though the whole weight of the first casting phase is supported 169 by the scaffolding, the weight of the top flange is distributed between the scaffolding 170 and the first casting phase. 171
3) t=4 days: the concrete of the top flange has hardened and the whole prestressing force is 172 introduced, the deck is self-supporting and the scaffolding can move to the next span. 173 4) t=7 days: the scaffolding hangs from the front of the completed span and transmits not 174 only a part of its own weight but also a part of the first casting phase and top flange 175
weights. 176
It must be taken into account that at t=4 days the whole prestressing force is introduced at the 177 completed section. On the other hand, the previous sequence is related to the first span of the 178 viaduct. If other spans are considered, the equivalence of time phases is given at table 1. 179
This sequence has some issues or disadvantages: 180
1) The placing of reinforcement is overlapped with formwork activities of the webs, and 181 all activities are on the critical path. A delay in any of the first casting phase activities 182 affects the second casting phase (top flange) because it delays the tendon prestressing. 183
2) It also requires the provision of an additional night shift for the activities related to 184 placing the reinforcement and prestressing. 185
Reducing delays when placing the reinforcement is necessary if this solution is considered. 186
Reinforcements should be previously pre-assembled and fitted, so that this activity can be 187 independent of other activities. 188 2) t=2 days: the concrete of the first casting phase has hardened and the first prestressing 210 force (50-75%) is introduced. 211
3) t=3 days: as soon as the first casting phase is a self-supporting core, the scaffolding can 212 move to the next span. 213 4) t=4 days: the concrete of the central part of the top flange is placed. It is supported by 214 the self-supporting core with a prestressing force of 50-75%. 215 5) t=5 days: since the concrete of the central zone of the top flange has hardened so the rest 216 of the prestressing force (50-25%) is introduced. 217 6) t=7 days: the scaffolding hangs from the front of the deck. The scaffolding transmits a 218 part of its own weight and a part of the fresh concrete weight of the first casting phase 219 of the next span. 220
It should be noticed that at t=2 days, the deck section is not completed, the prestressing force is 221 only 50-75% of the total force and the self-supporting core resists its weight. Sequence has been 222 considered for the first span. If other spans are considered the time equivalence is given at table 223
224
The construction process in a week, as it has been done to date (Figure 7 ), presents some 225 characteristics. Most of the activities related to the second casting phase are out of the critical 226 path and only a night shift in a weekend is needed to stress the resistant core. The concrete must 227 reach the prestressing strength 36 -48 hours after being placed and a rapid hardening concrete is 228
needed. 229
In general, the new sequence has the following advantages: 230 1) Improves performance and construction time. 231
2) The second casting phase of the section is outside the critical path. 232
3) The use of more simple auxiliary means is possible for the execution of this second 233 casting phase. 234 4) Avoids problems of visual quality at the union of webs and wings. 235
5) The ducts are wrapped in the concrete from the beginning, unlike in the traditional 236 system which leaves exposed the ducts between the web and the top flange until the 237 second casting phase is executed. 238 6) This new procedure clarifies the distribution of loads between the MSS and the deck. 239
The scaffolding should only support the weight of the first casting phase, while the 240 weight of the second casting phase is supported by the self-supporting core. sequence has been implemented in 6 road viaducts in Spain. These viaducts are as follows 261 (Table 3) The self-supporting core presents the issue related to transversal deflections of the deck because 298 the section is not completed. These deflections can occur due to the weight of the core and to 299 the partial (50-75%) prestressing force therein. 300
Some designers have considered the necessity of placing stiffening elements that compensate 301 the absence of the central section of the top flange. On the other hand, other designers have not 302 considered stiffening elements because they suppose that the effect of the partial prestressing is 303 enough to offset the transverse self-weight bending. 304
The stiffening elements that have been placed in former viaducts have been of three different 305 types (Table 4) (Table 4) . 329
2) L-shaped splices ( Figure 9 ): it usually involves significant overlapping length that 330 makes the removal of the internal formwork more complicated. The viaducts that 331 present this L-shaped splice or a mixed solution with L-shaped splice at the top and a 332 straight splice at the bottom of joint are: the Arroyo de la Vega Viaduct, the Júcar 333 Viaduct, the Fluvia Viaduct, the Francolí Viaduct (Table 4) . and Can Cristofol viaducts and the Cocentaina E 12 and E 15 Viaduct (Table 4) . 339
Employing loop joints without considering the overlapping length (Figure 12 ) prescribed by the 340 codes is an optimal and safe solution in order to facilitate the removal of the internal formwork 341 
Issues concerning the percentage of prestressing force at the self-supporting core
The new evolutionary solution has the disadvantage of requiring two tensioning or stressing 344 stages for each span (Figure 7) . The first stage corresponds to the introduction of the partialthe deck is completed. This issue has not been treated in a systematic way at the analysed 347
viaducts. 348
The tensioning percentage in the first stage varies significantly between 33% and 75% of the 349 total force (Table 4) 
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